Abstract. Effective CEC 0f230 mineral soil samples was estimatedas sum of{Ca-\-Mg) and {AI +H) displaced by N KCI. The mean values as me/100 gof soil were, in the surface samples, 15.9 ± 2.0 in 46 clay soils, 8.9 f 1-3 in 21 silt and loam soils, and 8.3 ± 1.1 in 39 sandy soils. In samples from the deeper layers the corresponding means were 16.3 ± 2.3 in 54 clay soils, 5.6 ± 0.9 in 21 silt and loam soils, and 2.5 dr 0.5 in 49 sandy soils.
In surface samples of clay soils the mean effective CEC was about two thirds, in sandy soils of deeper layers about one third, and in all other groups about one half of the corresponding average potential CEC determined by neutral ammonium acetate.
In the total material in which clay content ranged from 0 to 95%, organic C from 0.1 to 8.7 %, soil pH from 3.3 to 7.5, and oxalate soluble Al from 1.4 to 47.9 mmol/100 g, the » effective CEC» depended mostly on clay content: the partial correlation coefficient r o.9o***, and the standard partial regression coefficient ft = 0.84. The corresponding coefficients for the relationship between the »effective CEC» and the content of organic C were r = o.ss*** and p = 0.29, soil pH r = o.3s*** and P = 0.16, and oxalate soluble Al r -0.13 and P -0.06.
The positive effect of liming on effective CEC, particularly, in coarser textured acid soils high in organic matter was emphasized.
The figure for the cation-exchange capacity (CEC) of a soil largely depends on the method used for its determination, particularly on the pH of the saturating electrolyte solution (Pratt and Bair 1962, Bhumbla and McLean 1965) . In Finnish more or less acid soils estimation of CEC at pH 7, or even at pH 8.2 as by the Mehlich method, is likely to yield markedly higher values than is the exchange capacity of these soils as they exist in the field. This is the case especially with soils low in clay and high in organic matter, since the CEC of organic matter is almost completely pH-dependent (Helling et al. 1964) . It is also likely that in our acid soils aluminium-hydroxy-polymers block part of the exchange sites of organic and inorganic colloids, in this way decreasing the effective CEC of the soil (Keränen 1946 , Kaila 1971 ).
In the present paper an attempt is made to study the effective CEC of mineral soils using normal potassium chloride as displacing agent. Statistical methods are employed for evaluation of the importance of various factors responsible to this CEC. Among these variables are soil pH and the contents of clay, organic G and oxalate soluble Al.
Material and methods
The material consists of 230 samples of mineral soils collected from various parts of the country, both from surface soils and from deeper layers. A part of the samples were from virgin soils.
The samples were air-dried and ground to pass the 2 mm sieve. Thus, in most cases, the moraine soils will be listed as sandy soils, when the samples are classified according to the particle size composition. There were 100 samples of clay soils with at least 30 % of the fraction < 2 p, 42 samples of loam and silt soils, and 88 samples of sandy soils.
Soil pH was measured in 1 to 2.5 suspension in 0.01 M CaCl 2 . Organic C was determined by wet combustion and iodometric titration. The clay content, estimated by pipette method after destruction of organic matter by peroxidation, is expressed as a percentage of this mineral residue. Al was extracted with Tamm's acid ammonium oxalate: the ratio of soil to solution was 1 to 20, and the period of extraction was two hours. Al was determined by the Aluminon method after destruction of organic matter of the oxalate extract by ignition.
The »effective CEC» was calculated as the sum of (Ca + Mg) and (AI + H) extracted from 10 g soil by five successive treatments with 20 ml of N KCI. (Ca + Mg) was determined by versenate titration, and (AI + H) by titration with 0.1 N NaOH.
A potential CEC was estimated by summation of exchangeable Ca, Mg, K, Na and (AI + H) displaced by neutral N ammonium acetate.
Results
The groups of soil samples are characterized by data in Their difference is more than 10 me/100 g in the surface soils, and about 5 to 7 me/100 g in the samples from the deeper layers. There are some samples of acid clay soils with the potential CEC even more than 25 me/100 g higher than the corresponding effective CEC.
The absolute difference tends to be highest in the clay soils from the surface layer, but relatively, the difference is largest in the soils ofa coarser texture, particularly in the sandy soils from the deeper layers. In this group the average effective CEC is only about one third of the mean CEC-value determined by neutral ammonium acetate.
In the clay soils, organic matter does not seem to contribute markedly to the »effective CEC», since the mean values and ranges are almost equal in the surface samples, relatively rich in organic matter, and in the samples from the deeper layers. In the non-clay soils, organic matter may play a more important role in this respect, because the mean values of the »effective CEC» are markedly higher in the surface samples even in silt and loam soils which had an equal average clay content in the surface and subsurface soils. The very low average »effective CEC» in the sandy soils from deeper layers may be attributed, except to lack of organic matter, also to their very low content of clay. The relation of the »effective CEC» to the contents of clay and organic C in these soils was more thoroughly studied by calculating the total and partial linear correlation coefficients between these variables. Also the soil pH and the content of oxalate soluble Al were taken into consideration. The 230 soil samples were classified in two ways: 106 surface samples and 124 subsoil samples, or 130 non-clay samples and 100 clay samples.
The results are reported in Table 3 .
The correlation between the »effective CEC» and the content of clay is relatively close, except in the group of non-clay soils. It was not reduced by elimination of the effects of the content of organic C, soil pH, and oxalate soluble Al.
There is no correlation between the »effective CEC» and organic C in the groups of subsurface soils and clay soils, except, when in the latter group, the effect of clay content is eliminated and a slight connection may be found. Even in the group of surface soils this correlation is rather poor, though the elimination of the effects of the clay content and the soil pH brings about some increase in the closeness of correlation. Only in the group of non-clay soils, the »effective CEC» seems to be more closely connected with the content of organic C than with the clay content. In this case, the elimination of the effects of each of the three other variables tends to increase the correlation coefficient between the »effective CEC» and the content of organic C.
The »effective CEC» is rather poorly correlated with soil pH. In the surface soils and in the non-clay soils the partial correlation coefficients after elimination of the effect of organic C are, however, markedly higher than in the two other groups.
If oxalate-soluble A 1 would be correlated with the amounts of aluminium-hydroxypolymers supposed to block some of the exchange sites in soil, a negative correlation between the »effective CEC» and oxalate soluble A 1 would be expected. This is the case only in the non-clay soils after elimination of the effects of organic C and soil pH.
In the four groups of soil samples the following percentage of variation in the »effective CEC» may be explained by variation in the contents of clay and organic C, and in the other variables studied;
Surface Deeper The part of variation in the »effective CEC» explained by the clay content is 75.5 %, and by the content of organic C only 6 %. Together they explain 81.0 %. All four variables explain 83.6 % of the variation in the »effective CEC».
The relationship between the »effective CEC» as me/100 g (xj) and the percentages of clay (x 2) and organic G (x 3), soil pH (x 4) and the content of oxalate soluble A 1 mmol/ 100 g (x 5) conforms to the following regression equations in non-clay soils, clay soils and in the material of all the 230 samples: Thus, in the whole material and in the group of clay soils,clay content is the most important of these variables in this respect, in the former about three times as important as the content of organic C, in the latter about five times. When the material contains clay soils, the effect of pH is not marked, but in the group of non-clay soils it seems to be of some-what higher importance than the content of clay. The oxalate soluble Al is noteworthy in the samples of non-clay soils.
When the soil samples are classified to surface soils and subsurface soils, the standard partial regression coefficients for the relationship between the »effective CEC» and the clay content is 0.76 in the former and 0.90 in the latter group, whereas the corresponding coefficients between the »effective CEC» and the content of organic C are only 0.32 and 0.05 respectively. In the surface samples the standard partial regression coefficient between the »effective CEC» and soil pH is 0.26 which indicates that in this group, pH is almost as important as the content of organic C. In the subsurface soils this coefficient is 0.10.
Discussion
There is no evidence that leaching of soil with unbuffered KCI-solution will give a reliable estimate of the CEC of the soil under natural conditions. The salt concentration of the soil solution is markedly lower than one normal, and the pH at the surface of the soil colloids may differ from that in the KCI suspension. It is also likely that, because of different displacing power of the cations, results obtained with some other chloride solution would not be equal to the present values for the effective CEC. Yet, it may be supposed that their order of magnitude is closer to the actual CEC of an acid soil in its natural site than the figures determined by solutions buffered to pH 7.
The average pH value of the 230 soil samples studied was pH 5 in 0.01 M CaCl 2 suspension. The mean of the effective CEC, including exchangeable K and Na, was about 11 me/100 g, or almost 9 me/100 g lower than the mean of the potential CEC measured by neutral ammonium acetate. In the samples from the deeper layers poor in organic matter, the effective CEC was, averagely, in the clay soils about two thirds, in the silt and loam soils about one half, and in the sandy soils only about one third of the corresponding mean of the potential CEC. In the surface soils, the effective CEC was, as an average, about one half of the potential CEC. The difference between the potential and effective CEC consists almost completely of H + -ions: in the present work the sums of Ca and Mg displaced by KCI and by neutral ammonium acetate were equal within the errors of determination. Thus, at the expense of H + -ions dissociated from the weak acidic groups of organic matter at the higher pH, the potential CEC will give a too high estimate of the cation-exchange properties of acid soils.
As could be expected, in these, mainly, rather acid mineral soils the effective CEC appeared to be most closely correlated with the clay content. The correlation with the content of organic C was, except in the non-clay soils, relatively low. It is not likely that the total content of organic C, or more exactly, of oxidizable C, will be a good indicator of the exchange sites of soil organic matter, particularly, in this material, in which the quality of organic matter varied from poor raw humus of forest soils to mull of cultivated soils. The variation in the quality of clay was probably less marked, because the clay fraction in Finnish soils seems to consist mainly of illites or more or less weathered mica minerals (Soveri 1956, Soveri and Hyyppä 1966) .
Though it is likely that in our acid soils hydrous Al-and Fe oxides are coating soil particles and blocking exchange sites of inorganic and organic material, this could not be proved by the present results. There was, at least in some soil groups a negative corre-lation between the »effective CEC» and oxalate soluble Al, but this was low. As discussed elsewhere (Kaila 1971) , acid oxalate may not be the best solution for the determination of Al and Fe active in decreasing the effective CEC. This is a problem worth of further studies.
The positive correlation between the »effective CEC» and the soil pH was in all soil groups significant, though rather low in clay soils and samples from deeper layers in which the clay content was the most important factor affecting the effective CEG. Thus, liming particularly of coarser textured acid soils high in organic matter will increase the effective CEC. In a field trial on fine sand soils the author found that 16 months after application ofO, 4000, 8000, or 16000 kg CaC0 3 /ha, the soil pH was 4.9, 5.2, 5.6, and 6.2, respectively, and the respective »effective CEC-values» were 7.6, 8.5, 9.4, and 11.5 me/100 g. The content of organic C in this soil was about 3 %.
